Background It is not clear whether 5-level EQ-5D (EQ-5D-5L) utilities based on recently developed value sets are more responsive than 3-level EQ-5D (EQ-5D-3L) utilities. Objectives The study aims were to compare (1) the responsiveness of EQ-5D-5L and EQ-5D-3L utilities and (2) the responsiveness of these utilities with the Short Form-6 Dimension (SF-6D) and Health Utilities Index Mark 3 (HUI3) utilities to the treatment benefit of cataract surgery. Methods A total of 148 patients were interviewed before and after their cataract surgery using EQ-5D-3L, EQ-5D-5L, SF-6D, and HUI3. Responsiveness was assessed for all measures using the mean change (post-treatment-pre-treatment), standardized effect size (SES), standardized response mean (SRM), and F-statistic. Results Using the Singapore value sets, mean change for EQ-5D-3L and EQ-5D-5L utilities was 0.016 and 0.028, SES was 0.097 and 0.199; SRM was 0.091 and 0.196; and F-statistic was 1.2 and 5.7, respectively. Similar trends were observed using the UK/England EQ-5D value sets, although the magnitude was slightly smaller. The mean change, SES, SRM and F-statistics for SF-6D (UK value set) were 0.020, 0.234, 0.249, and 9.2, respectively. The values of mean change, SES, SRM and F-statistics for HUI3 (Canada value set) were 0.080, 0.472, 0.474, and 33.3, respectively. Conclusions The EQ-5D-5L utilities tend to be more responsive than the EQ-5D-3L utilities to treatment benefits of cataract surgery. The HUI3 utilities are more responsive than both the EQ-5D-5L and SF-6D, and SF-6D utilities may be slightly more responsive than the EQ-5D-5L for assessing patients undergoing cataract surgery.
Introduction
The 3-level EQ-5D (EQ-5D-3L) is the most used preferencebased instrument for cost-utility analysis [1] . It is also widely used in clinical and outcomes research. However, it has been found to have excessive ceiling effects and insufficient sensitivity in some populations. A new instrument, 5-level EQ-5D (EQ-5D-5L) [2] , was developed as an alternative to the EQ-5D-3L. By increasing the number of descriptive levels from three to five, EQ-5D-5L describes health in the same five EQ-5D dimensions but in greater detail. Indeed, it has demonstrated lower ceiling effects and higher discriminatory power and is more informative in cross-sectional studies, with better construct validity and test-retest reliability than EQ-5D-3L [3] [4] [5] [6] [7] [8] [9] [10] . While encouraging, all published studies, except one [10] , compared the two EQ-5D questionnaires using an EQ-5D-3L value set together with a 'crosswalk' algorithm to calculate EQ-5D-5L utilities [11] . This was because EQ-5D-5L value sets were not available then.
While it seems that the EQ-5D-5L is superior to EQ-5D-3L in many psychometric properties, it is not entirely clear whether it improves responsiveness or sensitivity to change in longitudinal assessment of health outcomes. To the best of our knowledge, only three studies [12] [13] [14] compared responsiveness of EQ-5D-5L in relation to EQ-5D-3L, of which two studies compared the responsiveness of utilities. Golicki et al. [14] found that the EQ-5D-3L utility was more responsive than the EQ-5D-5L utility to improved health experienced by stroke survivors. In contrast, Jia et al. [13] showed that the EQ-5D-5L utility was slightly more responsive than the EQ-5D-3L utility to change in health of patients with hepatitis B.
These mixed findings suggest that a more detailed health descriptive system may not necessarily translate into a more responsive utility measure. This is possible because the EQ-5D-3L utilities demonstrated good responsiveness [15] [16] [17] in many therapeutic areas, including stroke rehabilitation. In such areas, there may be little room for EQ-5D-5L to improve. Therefore, EQ-5D-5L might not always outperform EQ-5D-3L in capturing change in health utility. Nevertheless, it is also possible that the two studies failed to evaluate the true potential of EQ-5D-5L. Both studies used an EQ-5D-3L value set and a 3L-5L crosswalk algorithm [11] , an interim solution before EQ-5D-5L value sets were available, to calculate the EQ-5D-5L utilities. The agreement between the EQ-5D-5L utilities derived from the crosswalk algorithm and value sets is far from perfect [18] .
In this study, we aimed to compare the responsiveness of EQ-5D-3L and EQ-5D-5L utilities to the treatment benefit of cataract surgery. We chose to study patients who underwent cataract surgery because previous studies [19] [20] [21] [22] showed that EQ-5D-3L is either not responsive or only modestly responsive to treatment benefits of cataract surgery. We hypothesized that EQ-5D-5L would be more responsive than EQ-5D-3L to cataract patients' change in health. This hypothesis is based on the assumption that the increased descriptive levels of EQ-5D-5L would capture smaller improvement in functions and well-being after cataract surgery. We were also interested in comparing the responsiveness of the two EQ-5D variants with other widely used generic preference-based instruments. We used both the crosswalk algorithm and value set approaches to calculate EQ-5D-5L utilities.
Methods

Study Design and Participants
This was a prospective longitudinal study. The study recruited a consecutive sample of patients who were due for cataract surgery from a cataract clinic at the Singapore National Eye Centre, the largest ophthalmologic hospital in Singapore, a multi-ethnic city-state in Southeast Asia. Patients who were (1) deemed suitable and planned for cataract surgery, (2) English or Chinese speaking, and (3) healthy enough to complete a face-to-face interview were invited to join the study. Patients with significant ocular comorbidities in either eye (e.g., but not restricted to, glaucoma, diabetic retinopathy, or age-related macular degeneration) and patients who had hearing or cognitive impairment were considered ineligible for the study. Written informed consent was obtained from all patients before participation. Our study followed the principles of the Declaration 
Data Collection Procedures
All patients were recruited and interviewed face-to-face when they came to the study site for their preoperative examination and counseling. Patients were assessed using a battery of questionnaires including the EQ-5D-3L, EQ-5D-5L, Short Form-6 Dimension (SF-6D), Health Utilities Index Mark 3 (HUI3), and Visual Function-12 (VF-12). They were then interviewed again after their surgeries, during their post-operative examination visits. Patients' sociodemographic characteristics were also collected during the interviews. In the preoperative interview, patients were randomized to first complete EQ-5D-3L or EQ-5D-5L. The order of administering the two EQ-5D questionnaires in the preoperative and post-operative interviews was the same for each patient. In both interviews, the SF-6D, HUI3, and VF-12 questionnaires were administered after the first EQ-5D questionnaire was completed and before the second EQ-5D questionnaire was administered. All questionnaires were available in English or Chinese, and they were administered by a bilingual interviewer (interview format) in the patients' preferred language.
Measures
Visual Acuity
Visual acuity was assessed and recorded using logarithm of the minimum angle of resolution (LogMAR) charts with refraction to obtain best spectacle-corrected distance visual acuity (BSCVA) by trained nurses and optometrists at the tertiary center as part of preoperative and post-operative clinical evaluation. Counting fingers, hand motion, or no light perception were assigned the worst possible value in the LogMAR chart (scale: 1 letter at 10 cm is 2.86 LogMAR or 0.001 in the decimal scale).
EQ-5D-3L
EQ-5D-3L describes health using a five-item questionnaire, with each item targeting a different dimension, including mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. It has three response levels (no problem, some/moderate problems, and extreme problems/unable to perform) for each of the five dimensions. It has been psychometrically validated in a large number of diseases, including visual impairment [23] .
The EQ-5D-3L utilities range from negative values to 1, with negative values denoting worse than being dead, 0 denoting as bad as being dead and 1 denoting full health.
These utilities indicate the values of EQ-5D-3L health states from the perspective of the general public. Country-specific EQ-5D-3L value sets are developed to cater to the varying health preferences of different populations.
In this study, we used the Singaporean (range − 0.769 to 1) [24] and UK (range − 0.594 to 1) [25] EQ-5D-3L value sets.
EQ-5D-5L
EQ-5D-5L measures health in the same dimensions as EQ-5D-3L, but for each dimension there are five descriptive levels (no problem, slight problems, moderate problems, severe problems, and extreme problems/unable to perform).
Currently, there are two approaches to generating utilities from responses to the EQ-5D-5L questionnaire. EQ-5D-5L responses can be mapped to EQ-5D-3L responses and scored using an EQ-5D-3L value set. Alternatively, an EQ-5D-5L value set developed with data collected using the EuroQol Valuation Technology (EQ-VT) protocol [26] can be used. Although mapping or crosswalk algorithms were developed as an interim solution, the National Institute for Health and Care Excellence (NICE) currently encourages the use of crosswalk to obtain utility values from EQ-5D-5L data [27] . Hence, EQ-5D-5L values were generated from both EQ-5D-3L (denoted as "cEQ-5D-5L" hereafter) and EQ-5D-5L value sets. In order to increase generalizability, we used value sets from both England and Singapore. The cEQ-5D-5L values generated from UK and Singaporean EQ-5D-3L value sets range from − 0.594 to 1 [11] and − 0.769 to 1 [24] , respectively; the English and Singaporean EQ-5D-5L value sets generate utility values ranging from − 0.285 to 1 [28] and − 0.984 to 1 (based on interim value set developed by investigators), respectively.
SF-6D
The SF-6D is a generic, utility-based instrument which uses a health-state descriptive system comprising six dimensions: physical functioning, role limitations, social functioning, pain, mental health, and vitality [28] . Each dimension has four to six levels. While the SF-36 questionnaire can be used to describe a person's health using the SF-6D system, we administered the SF-6D descriptive system [29] as a six-item questionnaire to reduce administration burden.
Like EQ-5D, once a person's health state is described with the SF-6D system, a utility can be generated to indicate the value of his or her health from the perspective of the general public. We used the SF-6D value set (utility range 0.301-1) developed based on the health preferences of the general UK population [29] . Currently, there is no SF-6D value set for Singapore.
HUI3
The HUI is another commonly used generic, utility-based instrument. Its descriptive system comprises eight dimensions: vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain [30] , with five to six levels for each dimension. In this study, we used the eight-item descriptive system of HUI3 for the questionnaire. The HUI3 utilities derived from the Canadian value set range from − 0.359 to 1 [31] . Currently, there are no value sets available for Singapore.
VF-12
The VF-12 is a 12-item questionnaire assessing the level of difficulty in performing daily activities due to vision problems (e.g., recognizing people, seeing steps and curbs, performing certain manual tasks, filling in forms, cooking, watching TV, engaging in two leisure activities and four reading activities). It is identical to the VF-14 questionnaire, except without the last two items related to driving during the day and night, which are not applicable to most patients in Singapore [32] . Each of the 12 items in this questionnaire uses a 5-point response scale-0 (no difficulty) to 4 (unable to perform activity)-when the activity assessed by the item is applicable. A culturally adapted version of VF-14 has been validated in Singapore [33] . VF-12 utility was calculated as a rescaled sum score of all the applicable items (range 0-1). A higher value indicates less functional impairment.
Statistical Methods
Associations between patients' responses to the EQ-5D dimensions at pre-and post-operative surveys were evaluated using the McNemar-Bowker's exact test for symmetry of ordinal pairs [34] . A similar analysis was performed for SF-6D and HUI3.
The mean (standard deviation) of preoperative, post-operative, and changed utilities were calculated for all measures: the EQ-5D-3L, EQ-5D-5L, SF-6D, HUI3, and VF-12. Paired t tests were used to assess the statistical significance of the change in the utilities. Change in utilities between two measures was evaluated using the two-way repeated measures analysis of variance (ANOVA) with interaction between utility measure and time.
To compare the responsiveness of all the utilities across the instruments, the standardized effect size (SES), standardized response mean (SRM), and F-statistic were estimated. The SES was estimated as the mean paired difference of post-and preoperative assessments divided by standard deviation of preoperative assessment. The SRM was estimated as the mean paired difference of post-and preoperative assessments divided by standard deviation of paired differences. F-statistic was estimated as the square of t-statistics for the paired difference of post-and preoperative assessments. Because a higher F-statistic value means higher probability of statistically significant differences, it indicates higher responsiveness. The SES estimate does not rely on the variation in the change, and the SRM estimate is less prone to be affected by the sample size compared to SES [35] . The value of SES and SRM were considered small (0.2), medium (0.5), and large (0.8) [36] . The 95% confidence intervals (CIs) of these responsiveness measures were calculated using the bias-corrected bootstrap method with 1000 replications [37] .
All the analyses were carried out using Stata/MP 13.1.
Results
A total of 189 eligible patients were interviewed over the period of September 2016 to September 2017 for preoperative assessment. Of those, 148 patients who also completed the post-operative interview were included in the final analysis. The majority of the patients were elderly (77%) and operated on only one eye (72%). The mean BSCVA of the operated eyes was 0.53 LogMAR and 0.07 Log-MAR before and after the cataract surgery (median interval 96 days), respectively, with 91% of the patients found to have improved BCSVA. Table 1 summarizes sociodemographic and clinical characteristics of the patient sample. Table 2 shows the distributions of pre-and post-operative responses to EQ-5D-3L and EQ-5D-5L dimensions. In the preoperative survey, 68 (46%) and 76 patients (51%) reported no problems in all health dimensions with EQ-5D-5L and EQ-5D-3L, respectively. More patients reported problems with EQ-5D-5L than EQ-5D-3L across all the dimensions, except for the self-care dimension where nearly no patients reported any problems. For example, 58 (39%) and 52 (35%) patients reported pain/discomfort with EQ-5D-5L and EQ-5D-3L, respectively. Similar trends in the differences in responses to the two versions of EQ-5D were also observed in the post-operative survey. More patients reported no problems in the post-operative survey than in the preoperative survey, with the only exception for the usual activities dimension of the EQ-5D-3L (142 and 140 patients in preoperative and post-operative surveys, respectively). The difference between the pre-and post-operative responses was mainly in the mobility, pain/discomfort, and anxiety/depression dimensions, with greater difference observed in the EQ-5D-5L than the EQ-5D-3L. For example, 61% (65%) and 72% (74%) of patients reported no pain/discomfort with EQ-5D-5L (EQ-5D-3L) pre-and post-operatively, respectively. Table 2, Appendix Tables 3 and 4 (see the electronic supplementary material) show the distribution of pre-and post-operative responses to SF-6D and HUI3 dimensions, respectively. SF-6D shows significant improvement in physical functioning, pain and mental health. HUI3 shows significant improvement in seeing, feeling, and pain/ discomfort.
Similar to
Using Singaporean value sets, the mean change (postoperative-preoperative) in EQ-5D-3L utilities (0.016; p = 0.273) was smaller than that in the EQ-5D-5L utilities (0.028; p = 0.019); the mean change in cEQ-5D-5L utilities (0.036; p = 0.006) was the largest (see Fig. 1 ). Similarly, using the UK/England value sets, the mean change in EQ-5D-3L utilities (0.013; p = 0.384) was also smaller than that of the EQ-5D-5L utilities (0.016; p = 0.026) and cEQ-5D-5L utilities (0.029; p = 0.006). The mean change in SF-6D, HUI3 and VF-12 utilities was 0.020 (p = 0.003), 0.080 (p < 0.001), and 0.069 (p < 0.001), respectively. The mean change in HUI3 was statistically significantly bigger than the rest of the measures (p < 0.005). Appendix Table 1 shows pre-and post-operative utility values and change in utility values for all the utility measures. Appendix Table 2 shows results of two-way repeated measures ANOVA for comparison of change in utility values between two different utility measures.
Using the Singaporean value sets, the SES (95% CI) for EQ-5D-3L and EQ-5D-5L utilities was 0.097 (− 0.074 to 0.259) and 0.199 (0.045 to 0.350); the SRM (95% CI) was 0.091 (− 0.063 to 0.274) and 0.196 (0.034 to 0.354); and the F-statistic (95% CI) was 1.2 (0.0 to 10.8) and 5.7 (0.3 to 18.6), respectively. The cEQ-5D-5L utilities had slightly higher values for SES, SRM and F-statistics than the EQ-5D-5L utilities. Similar trends were observed using the UK/ England value sets, although the values were slightly smaller ( Table 3) .
The SES, SRM and F-statistic (95% CI) for SF-6D were 0.234 (0.094-0.374), 0.249 (0.100-0.413), and 9.2 (1.5-25.3), respectively. The HUI3 had larger values of the responsiveness measures than SF-6D, but smaller values than VF-12 (Table 3) .
Discussion
The EQ-5D-5L was developed to improve upon the EQ-5D-3L, and many cross-sectional studies have confirmed its enhanced measurement properties. Using a longitudinal study design, we found that EQ-5D-5L is more responsive than the EQ-5D-3L in assessing patients' health utility gained from cataract surgery. To our knowledge, this is the first study assessing the responsiveness of EQ-5D-5L utilities derived from recently developed EQ-5D-5L value sets and in the therapeutic area of ophthalmology.
Better sensitivity of EQ-5D-5L compared with EQ-5D-3L was shown for both descriptive system and utility values. EQ-5D-5L suggested that more cataract patients experienced post-surgery improvement than EQ-5D-3L in three dimensions (mobility, pain/discomfort, and anxiety/ depression); there was a no-to-trivial change in the remaining two dimensions according to both the instruments. While improved vision is expected to improve mobility and emotions, it is surprising that pain was reduced after cataract surgery. One possible explanation is pre-surgery anxiety caused bodily pain [38] . These findings are consistent with previous studies conducted by Buchholz et al. [12] in rehabilitation patients and Jia et al. [13] in hepatitis B patients to make head-to-head comparison of EQ-5D-5L and EQ-5D-3L. All responsiveness measures indicated that the EQ-5D-5L utility is more responsive to the treatment benefit of cataract surgery than EQ-5D-3L. This result is robust to the approach (i.e., crosswalk or value set) and value set (i.e., Singapore or UK) used to derive the utilities. Thus, it suggests that the better sensitivity of the EQ-5D-5L descriptive system translates into a more sensitive utility measure. In other words, 96 (64) Number of days between the operation and the second interview, median (IQR) the increase in the number of responses from three to five levels appears to help collect more information than noise, achieving more precise measurement. This finding complements previous findings demonstrating similar or better measurement properties of EQ-5D-5L over EQ-5D-3L [39] . The results of our study and two previous studies seem to support the posit that the better responsiveness of EQ-5D-5L is more likely to be present in patients whose health status is not much deteriorated before treatment or when the change in health is small. Our cataract patients were not in very poor health at baseline (mean EQ-5D-3L utility [Singapore value set] = 0.89), and improved by less than 0.02 points in health utility after surgery. The study by Jia et al. [13] compared the responsiveness of EQ-5D-5L and EQ-5D-3L in patients with hepatitis B (baseline mean EQ-5D-3L utility 0.75) and also found that EQ-5D-5L utility is more responsive than the EQ-5D-3L utility. The study by Golicki et al. [14] found the EQ-5D-5L utility is less responsive than the EQ-5D-3L utility in stroke patients whose health status was very poor at baseline (mean EQ-5D-3L utilities = 0.58), but improved by more than 0.1 points at the follow-up visit. These results may suggest that EQ-5D-5L is more advantageous over EQ-5D-3L when improvement occurs in the segments of the scale near the ceiling of the utility scale. More head-tohead comparative studies are needed to ascertain factors that might influence the relative performance of EQ-5D-5L and Table 2 Distribution of pre-and post-operative EQ-5D-3L and EQ-5D-5L responses P for the McNemar-Bowker exact test of symmetry between pre-and post-operative EQ-5D-3L (EQ-5D-5L) responses EQ-5D-3L 3-level EQ-5D, EQ-5D-5L 5-level EQ-5D Dimension severity level, n (%) Pre-operative Post-operative EQ-5D-3L EQ-5D-5L EQ-5D-3L EQ-5D-5L Standardized effect size is defined as mean paired difference of post-assessments-pre-assessments divided by standard deviation of pre-assessment Standardized response mean is defined as mean paired difference of post-assessments-pre-assessments divided by standard deviation of paired differences EQ-5D-3L utility EQ-5D-3L in longitudinal studies of health-status change, especially because previous studies only included crosswalk utility values.
In this study, we also found that EQ-5D-5L quantified greater utility gains than EQ-5D-3L for cataract surgery. Consistent with a study comparing the two instruments in patients with hepatitis B [13] , this result suggests that EQ-5D-5L may show greater incremental quality-adjusted life years (QALYs) gain and smaller incremental cost-effectiveness ratios (ICERs) when it is used to perform economic evaluation. It has been found that EQ-5D-5L may lead to smaller ICERs than EQ-5D-3L when used to assess dialysis modalities [40] , but it may value improvement in quality of life less than EQ-5D-3L when used to assess treatments in many other therapeutic areas [41] . These results suggest that the effect of switching from EQ-5D-3L to EQ-5D-5L on QALY estimation is likely to differ for different types of treatment and patient populations [42] . Moreover, we found that the utility gain estimated by EQ-5D-5L based on its English value set and EQ-5D-3L based on its UK value set was more similar than that estimated by EQ-5D-5L based on 5L-3L crosswalk (see Appendix Table 1 ). This result suggests that NICE's recommendation of using the crosswalk approach to score EQ-5D-5L data for economic evaluation could lead to more different results when switching from EQ-5D-3L to EQ-5D-5L.
Although EQ-5D-5L was found to be more responsive than EQ-5D-3L, its effect size and SRM were less than 0.5, indicating moderate sensitivity to improvement in health due to better visual function. Moreover, our study showed that EQ-5D-5L is not more responsive than SF-6D and is less responsive than HUI3 and VF-12. This finding is largely consistent with that from a study comparing the responsiveness of EQ-5D-3L, SF-6D and HUI3 among US cataract patients [43] . In that study, HUI3 showed better responsiveness than EQ-5D-3L; however, SF-6D did not show responsiveness to improvement in utility post-surgery, which is in contrast to our study. The inferior responsiveness of EQ-5D instruments should be due to lack of a vision dimension in the descriptive systems. This issue has been discussed by Luo et al. [44] , Longworth et al. [45] and several others, who proposed that the sensitivity of EQ-5D to ophthalmologic problems can be improved by adding an additional item on vision, which is beyond the scope of the present article.
Our study has a few limitations. First, interviewer administration could be associated with higher positive outcomes [46] and lower responsiveness. Nevertheless, it is unlikely to affect the relative performance of the studied measures as the same mode of administration was used for all the measures. This mode of administration was chosen because the study patients had major vision problems. Second, the SF-6D and HUI3 data were collected using their descriptive systems, instead of recommended SF-36 and HUI questionnaires, respectively. Studies suggested that the SF-6D descriptive system is likely to generate less responsive utilities than the full-length parent questionnaire (i.e., SF-36) [47, 48] . Third, the generalizability of our study findings may be limited by our study sample and location. According to responses to EQ-5D dimensions, our sample had much better health than cataract patients in the USA [43] . The difference could be due to underreporting of health problems such as those in performing usual activities. Generally, Asians tend to report fewer health problems in EQ-5D dimensions [49, 50] . The difference could also be due to the care that old people living in Singapore receive from their children, extended families and neighborhood. It should also be noted that cataract surgery is usually conducted when cataract is mature in Asian countries, including Singapore. This is in contrast to practices in other countries such as the UK where cataract is usually removed at a very early stage. It is more difficult for the EQ-5D instruments to exhibit responsiveness to treatment benefit if the surgery is performed before cataract affects patients' vision function. Lastly, we performed a series of two-way repeated measures ANOVA for comparison of change in utility values between two utility measures. These tests were not sufficiently powered and adjusted for multiplicity. Hence, the results should be interpreted with caution.
Conclusions
It appears that EQ-5D-5L tends to be more responsive than EQ-5D-3L to treatment benefit of cataract surgery. Head-tohead comparative studies in other therapeutic areas are warranted to assess the generalizability of the better sensitivity of EQ-5D-5L in evaluative studies.
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